The antagonistic activity of 52 isolates of Trichoderma spp. against Botrytis cinerea was tested in in vitro conditions using the dual culture technique. The results revealed that all of the Trichoderma isolates had the ability to inhibit the mycelial growth of grey mould. The percentage reduction in the growth of Botrytis cinerea after six days of incubation at 25ºC varied between 45-78%. The isolates Tr43 and Tr52 showed the highest antagonistic activity (Tr43 -76%; Tr52 -78%). Biochemical and molecular identification indicated that both isolates were T. atroviride. The isolates showed differences in the utilisation of 11 to 96 different carbon sources. Additional biochemical tests revealed the ability of Tr43 and Tr52 to produce siderophores, indole-3-acetic acid and chitinases. Neither of the isolates gave positive results regarding phosphate solubilisation on Pikovskaya's medium.
INTRODUCTION
Grey mould caused by the fungus Botrytis cinerea Pers. ex Fr. is one of the most common crop diseases that is responsible for serious crop losses in more than 200 plant species worldwide (Williamson et al. 2007 ). This fungus can negatively affect all of the aboveground organs of plants, especially the buds, flowers and fruits (Elad et al. 2007 ). It normally enters through a wound or infects plants that are under stress, although it can also infect healthy plants, especially under humid conditions. There are a large number of fungicides with a high level of activity against grey mould (De Kock and Holz 1994, Markoglou and Ziogas 2002) . Unfortunately, chemical protection negatively affects fruit and plant crops, the environment and human health. The use of fungicides may also lead to the occurrence of new resistant strains of plant pathogens. Recently, a worldwide tendency has been to use eco-friendly methods in plant protection (Hajieghrari et al. 2008) . Biological control includes, for example, antagonistic microorganisms that naturally occur in the soil (Karkachi et al. 2010, Abano and Sam-Amoah 2012) . Trichoderma is a group of filamentous fungi that are well known for their antagonism against several soil phytopathogens, involving fungi such as: Fusarium oxysporum, Rhizoctonia solani, Sclerotium rolfsii and Verticillium dahliae (Spiegel and Chet 1998, Jabnoun-Khiareddine et al. 2009 and niche, production of antibiotics and enzymes (Howell 2003 , Benitez et al. 2004 , Verma et al. 2007 ). The antagonism of Trichoderma spp. has been observed both in in vitro conditions (Mishra et al. 2011) as well as in greenhouse and field trials (Kexiang et al. 2002) . Some strains of Trichoderma also promote plant growth and yielding through enhanced production of plant hormones and vitamins, improved nutrient uptake and acquisition, etc. (Shanmugaiah et al. 2009 , Joshi et al. 2010 . Consequently, the antagonistic potential of Trichoderma spp. against pathogens is considered to be successfully used in biological control instead of the application of chemical plant protection products against phytopathogens. The objectives of this study were to evaluate the antagonistic activity of Trichoderma isolates originating from Polish soils against Botrytis cinerea in in vitro conditions and to identify isolates with the highest capacity for pathogen inhibition.
MATERIAL AND METHODS

Pure culture of Botrytis cinerea
A pure culture of B. cinerea (isolate FFBC001) was isolated from the fruit of the 'Regent' grapevine cultivar and was stored for further use in the collection of microorganisms called SymbioBank, established in the Rhizosphere Laboratory of the Institute of Horticulture in Skierniewice (Poland).
Pure cultures of Trichoderma spp.
Fifty-two isolates of Trichoderma spp. were obtained from field soils and old orchard soils in central Poland (Tab. 1). Pure cultures were established with the use of soil-plate technique on Rose-Bengal Chloramphenicol Agar medium and incubated at 25ºC for 5-7 days. The cultures were maintained in a deep freezer at -80º C in Eppendorf tubes with 99.5% glycerol as a cryoprotectant. The Trichoderma isolates were identified to the genus level with the use of a morphological key (Watanabe 2010).
Testing of the antagonistic activity of Trichoderma isolates
In vitro tests were performed using the dual culture technique (Morton and Stroube 1955) on a PDA (potato dextrose agar) medium. Petri dishes with the medium were inoculated with discs six millimetres in diameter of the tested Trichoderma isolates and the B. cinerea isolate (six-day-old culture of each fungus). The discs of Trichoderma and Botrytis were placed on the opposite sides of each dish. The dishes were incubated at 26 o C for six days. Three replicates (dishes) were used in each test and for each Trichoderma isolate. After six days of radial growth of B. cinerea colonies, the extent of the infection was measured and compared with the control (pure culture of B. cinerea). The reduction in the growth of B. cinerea colonies caused by the Trichoderma isolates was determined as follows (El-Naggar et al. 2008) : R = (A-B)/A × 100, where: R -percentage reduction in the growth of pathogen, A -radius (cm) of pathogen colony in control culture, B -radius (cm) of pathogen colony in test dish.
The degree of antagonistic activity was estimated as follows (Sookchaoy et al. 2009 ): 4 -very high antagonistic activity (R > 75), 3 -high antagonistic activity (R = 61-75), 2 -moderate antagonistic activity (R = 51-60), 1 -low antagonistic activity (R < 51).
Data were analysed using ANOVA. Tukey's multiple range test at p = 0.05 was used for specific comparisons of the means. All calculations were done by means of the STATISTICA v.10 package (StatSoft, Inc. 2011).
Identification of Trichoderma isolates
The isolates of Trichoderma spp. that showed the best efficacy in inhibiting mycelial growth of B. cinerea were identified to the species level with the use of molecular and biochemical methods.
Molecular identification of Trichoderma isolates
Fungal genomic DNA of Trichoderma spp. was extracted using a commercial DNeasy Plant Mini Kit (Qiagen). PCR (polymerase chain reactions) were performed in a total volume of 20 μl, containing 1× reaction buffer, 0.2 mM dNTPs, 0.2 μM of each primer, 0.5 U of Taq DNA polymerase (DreamTaq TM Green, ThermoScientific) and 10 ng of template DNA. PCR reactions were carried out in an S 1000 Thermal Cycler (BioRad) under the conditions involving an initial denaturation step at 95°C for 2 min., followed by 30 cycles of denaturation at 95°C for 30 s, primer annealing at 55°C for 30 s, extension at 72°C for 1 min., and the final extension step at 72°C for 10 mins. ITS regions 1 and 2 and the 5.8S rDNA gene was amplified using the universal primers ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3') and ITS6 (5'-GAA GGT GAA GTC GTA ACA AGG-3') (White et al. 1990 ). The PCR products were sequenced using sequencing system 3730xl DNA Analyzer and BigDye®Terminator v.3.1 kit (Applied Biosystems). Related sequences were searched using the BLAST program from the NCBI (National Center for Biotechnology Information) database (http://www.ncbi.nlm.nih. gov/blast).
Biochemical identification of Trichoderma isolates
The biochemical characteristics of Trichoderma isolates were determined with the use of the Biolog Identification System (Biolog Inc., USA). Fresh cultures of Trichoderma spp. were streaked on a 2% MEA (malt extract agar) medium and incubated at 26ºC for seven days. The fungal suspension prepared in the IF-F inoculant's solution (quantification of 65%) was inoculated into FF microplate and incubated at 26ºC for seven days. The results were read off daily by inserting the microplate with a Trichoderma isolate into the Biolog's reader apparatus operated by the software of the Biolog Identification System (Microlog 3 v. 5.2.01). The fungi were identified down to the species level.
Biochemical characterisation of Trichoderma isolates
The Trichoderma isolates that showed the best antagonistic activity against B. cinerea on the Petri dishes were additionally tested to determine their ability to produce siderophores on the (CAS chrome azurol S) agar medium (Alexander and Zuberer 1991), indole-3-acetic acid (Gordon and Weber 1951) , chitinase (Hsu and Lockwood 1975) and whether they were able to solubilise phosphate (Pikovskaya 1948).
Preparation of the CAS agar medium
The CAS agar medium was prepared from four solutions. The Fe-CAS indicator solution was prepared by mixing 10 ml of 1 mM FeCl 3 · 6H 2 O (in 10 mM/l HCl) with 50 ml of an aqueous solution of CAS (1.21 g/l) and adding it to 40 ml of an aqueous solution of hexadecyltrimethylammonium bromide (1.821 g/l). The buffer solution (solution 1) was prepared by dissolving 30.24 g of piperazine-N,N-bis (2-ethanesulfonic acid) in 800 ml of a salt solution (solution 2) containing 0.3 g K 2 HPO 4 , 0.5 g NaCl, 1.0 g NH 4 Cl. The pH was adjusted to 6.8 with 50% KOH. Before autoclaving 15 g of agar was added. Solution 3 contained (in 70 ml water): 2 g glucose, 2 g mannitol, 493 mg MgSO 4 · 7H 2 O, 11 mg CaCl 2 , 1.17 mg MnSO 4 ·H 2 O, 1.4 mg H 3 BO 3 , 0.04 mg CuSO 4 · 5H 2 O, 1.2 mg ZnSO 4 · 7H 2 O, 1.0 mg NaMoO 4 · 2H 2 O. Solution 4 contained 30 ml of 10% casamino acids. All of the solutions were sterilised separately before mixing. Each of the Trichoderma isolates was inoculated into a Petri dish with CAS agar medium. A yellow halo surrounding the Trichoderma isolates indicated a positive reaction.
Testing for indole-3-acetic acid production
The production of indole-3-acetic acid was estimated using the Salkowski reagent (1 ml 0.5 mol/l FeCl 3 and 49 ml 35% HClO 4 ). The Trichoderma isolates were cultured in a sterilised Czapek broth (30 g sucrose, 3 g NaNO 3 , 1 g K 2 HPO 4 , 0.5 g KCl, 0.5 g MgSO 4 · 7H 2 O, 0.01 g FeSO 4 , 1000 ml distilled water) with L-tryptophan (1 g/l) on a rotary shaker. After 96 h of incubation at room temperature, 500 μl of each Trichoderma culture was transferred to microtubes and centrifuged at 14,000 rpm for two minutes. Afterwards 500 μl of the Salkowski reagent was added. The microtubes were left for 30 minutes to allow colour development. A pink colour of the samples indicated the production of indole-3-acetic acid.
Preparation of chitin agar medium
The ability to produce chitinases was investigated using a chitin agar medium. Colloidal chitin was prepared by dissolving 15 g of powdered chitin in 200 ml of concentrated HCl. Chitin was dialysed by distilled water until the suspension adjusted a pH value of 5.5-6.0. Afterwards, 4 g of colloidal chitin was mixed with mineral salts: 0.7 g K 2 HPO 4 , 0.3 g KH 2 PO 4 , 0.5 g MgSO 4 · 5H 2 O, 0.01 g FeSO 4 · 7H 2 O, 0.001 g ZnSO 4 , 0.001 g MnCl 2 , 20 g agar and 1000 ml distilled water. The agar medium was adjusted to pH 8.0 with 50% KOH and autoclaved. The Trichoderma isolates were inoculated onto the Petri dishes. The production of chitinases was observed as a discoloration of the agar medium.
Preparation of Pikovskaya's agar medium
The phosphate-solubilising ability was evaluated on Pikovskaya's agar medium consisting of 0.5 g yeast extract, 0.5 g (NH 4 ) 2 SO 4 , 5 g Ca 3 (PO 4 ) 2 , 0.2 g KCl, 0.1 g MgSO 4 , 0.0001 g MnSO 4 , 0.0001 g FeSO 4 , 10 g glucose, 15 g agar and 1000 ml distilled water. Each of the Trichoderma isolates was inoculated onto a Petri dish with Pikovskaya's agar medium. A clear dissolution zone around the isolates indicated a positive reaction.
RESULTS
In the present study, 52 isolates of Trichoderma were screened for antagonistic activity against (Fig. 1) .
Results of Trichoderma identification
A comparison of sequences (the sequence of 601 nucleotides for the isolate Tr43 and the sequence of 600 nucleotides for the isolate Tr52) with the NCBI sequences database allowed the identification of both isolates as the Trichoderma atroviride P. Karst. The identities of the results were as follows: 99% for isolate Tr43 and 100% for isolate Tr52. 
Biochemical identification using the Biolog Identification System was performed during seven days of incubation at 26ºC. Using this method, isolate Tr52 was identified after 96 h as T. atroviride. The probability of correct identification was 94% and the similarity to standard T. atroviride was 0.604. Isolate Tr43 was not positively identified, but the results indicate that it is the most similar to T. atroviride (similarity was 0.512). The isolates Tr43 and Tr52 showed differences in the utilisation of 11 to 96 different carbon sources. In contrast to Tr52, Trichoderma Tr43 utilised maltose and D-tagatose, whereas isolate Tr52 utilised in wells D-arabinose, α-D-lactose, fumaric acid, α-ketoglutaric acid, D-lactic acid methyl ester, L-lactic acid, D-saccharic acid, succinic acid and glycyl-Lglutaric acid (Tab. 2).
Results of additional biochemical tests on Tr43 and Tr52 Trichoderma isolates
Both of the Trichoderma isolates produced siderophores, which was visualised on the CAS agar medium as an orange halo developed around the isolates (Fig. 2) . The halo was caused by siderophores chelating Fe from the Fe-CAS dye complex. Production of indole-3-acetic acid from L-tryptophan was observed as a change in the colour of the medium from colourless to a pink colour (addition of the Salkowski reagent). Chitynolytic activity was also exhibited by both Trichoderma isolates, which was observed as a discoloration of the agar medium (Fig. 3) . Neither of the isolates gave positive results regarding phosphate solubilisation on Pikovskaya's medium since the clear zone did not appear nor was visible in this medium (Tab. 3).
DISCUSSION
Trichoderma spp. are widespread in the soil as saprophytic fungi highly competitive to plant pathogens. Among Trichoderma isolates, the most studied are T. harzianum (Chaur-Tsuen and Chien-Yih 2002), T. reesei (El-Naggar et al. 2008) , T. atroviride (Brunner et al. 2005) and T. viride (Mishra et al. 2011 ). The biological control activity of the Trichoderma strains against fungal phytopathogens has been tested and described in several research papers (Meszka and Bielenin 2009 , Joshi et al. 2010 , Lone et al. 2012 ). Trichoderma isolates have been shown to be successful in controlling soilborne diseases in the greenhouse and under field conditions. Some of the Trichoderma strains are currently available as components of commercial bioproducts: KRL-AG2 (T. harzianum) controls a wide range of soil-borne diseases (Spiegel and Chet 1998) , Trichodex (T. harzianum) is used against B. cinerea, Sclerotinia sclerotiorum, Cladosporium fulvum diseases in greenhousegrown tomato and cucumber, and in vineyards (Freeman et al. 2004 ), Binab T (T. harzianum and T. polysporum) controls wound decay and wood rot (Mehrotra and Aggarwal 2003), Supresivit (T. harzianum) inhibits the growth of Phytophthora spp. and Pythium ultimum and might stimulate the growth of plants (Brožová 2004) .
In this study, the results of the dual culture tests revealed antagonistic activity of all 52 Trichoderma isolates against B. cinerea. The Trichoderma isolates grew rapidly and intensively covered the entire surface of the Petri dishes after 10 days. The most effective strains revealed more than 70% of the growth inhibition of B. cinerea. An isolate of T. reesei studied by El-Naggar et al. (2008) showed only a 30% reduction in the growth of B. cinerea, 40.2% in the growth of B. fabae and only 4% in the growth of B. allii after five days of incubation. Fiume and Fiume (2006) observed the antagonistic activity of T. harzianum against grey mould at a range from 4.7% after three days of incubation and up to 75.76% after seven days of incubation. They also reported no inhibition halo between B. cinerea and T. harzianum colonies, which suggests that the antagonistic effect of T. harzianum isolates is based on the competition for niche and nutrients and not on a chemical aggressiveness or classic antibiosis. In the present study all the Trichoderma isolates achieved an average percentage of growth reduction above 45% after six days. A clear zone between all of the Trichoderma isolates and B. cinerea was also not observed. However, additional biochemical tests revealed the ability of the isolates Tr43 and Tr52 identified as T. atroviride to produce the chitinases. An isolate of T. atroviride studied by Matroudi et al. (2009) showed chitinase and β-1.3 glucanase activity. Both of these extracellular enzymes are connected with mycoparasitism that is initiated against phytopathogenic fungi. Chitinases are able to lyse the hard chitin cell wall of mature hyphae, conidia, chlamydospores and sclerotia (Harighi et al. 2007) .
T. atroviride is well-known as a biological control agent for a wide range of economically important aerial and soil-borne plant pathogens (Brunner et al. 2005) . McLean et al. (2012) observed antagonistic activity of T. atroviride against Sclerotium cepivorum, whereas Anita and Ponmurugan (2011) reported that T. atroviride were highly effective in controlling Phomopsis canker diseases in tea plants.
The tests performed by Matroudi et al. (2009) also revealed the high antagonistic activity of T. atroviride. That isolate produced 85% inhibition in the growth of S. sclerotiorum after three days and 93% after four days of incubation. The dual culture tests against other fungal phytopathogens (for example Verticillium dahlia or Fusarium oxysporum) are essential to perform. The published literature data clearly indicate that the antagonistic activity of Trichoderma species is based on mycoparasitism, the production of antibiotics and enzymes, and is usually directed against the development of a few pathogens. Hajieghrari et al. (2008) observed an inhibitory effect of 
